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ABSTRACT 
The histological changes occurring during thc development of the bovinc nuchal ligament 
have been  observed in sections of formalin-fixed material from 21  animals  ranging in age 
from  I l0  days  of gestation  to  l0  yr.  The  elastic  fibers which  constitute  the  bulk  of the 
adult ligament were initially few in number.  During fetal development,  the fibers showed 
a  rapid  increase  both  in  number  and  in  their  stainability  with  the  usual  elastic  stains. 
Thc  average  diameter  of these  clastic  fibcrs  increased  only  slowly until  the  last  uterine 
month, at which time it began to increase very rapidly. This rapid rate of increase continued 
through  thc  first  6  postnatal  months,  after which  the  rate  of increase  slowed  markedly. 
However, the fiber diameter continued  to rise steadily throughout  the period of the study. 
During the fetal stage of development, the fibroblastic cells of the ligament exhibited unusual 
nuclear  appearances  which  distinguish  them  from  other  fibroblasts.  These  consisted  of 
marked  clumping of the chromatin  and  an associated nuclear vacuolation or vcsiculation. 
While these changes seem likely to be artefacts of fixation,  their temporal  correlation with 
elastin deposition and  their demonstration  in other tissue  cells engaged in elastin produc- 
tion  suggest  that  the  factors  responsible  for  these  appearanccs  may  be  related  to  elastin 
synthesis. 
In  the  accompanying  paper  (1),  the  pattern  of 
changes in chemical composition during the devel- 
opment  of the  bovine  nuchal  ligament  has  been 
reported. At the time of collection of the ligaments, 
samples were taken  for histological examinations. 
The histological findings have not only contributed 
to  the  interpretation  of  the  chemical  data,  but 
have  also  established  the  suitability  of this  tissue 
for  studies  of elastin  fibrillogenesis.  In  addition, 
they  have  revealed  several  unusual  features  re- 
lating to the fibroblasts which constitute the mass 
of the  cell content.  For  these  reasons  and  as  the 
nuchal ligament seems likely to become the subject 
of further detailed studies, the main features of the 
morphological  changes  during  the  development 
are also reported. 
MATERIALS  AND  METHODS 
The experimental animals and the methods of collec- 
tion  of the ligaments were  described  in  the  accom- 
panying  paper  (1).  For  the  histological  study,  ex- 
amination was made of sections of material taken from 
ten  fetal  calves  ranging  in  age  from  110  days  of 
gcstation of full term, and from  11 postnatal  animals 
bctwecn 2 wk and 9 yr of age. 
In  each  instance,  transverse  sections  and  sections 
parallel  to  the  long  axis  of  the  ligament  were  ex- 
amine& The ligament specimens were fixed for 48-72 
hr  in  10%  neutral  formalin.  After dehydration,  the 
specimens were embedded  in paraffin  and  sectioned 
at  7 ]z.  Serial sections were stained  by the following 
methods:  hematoxylin  and  eosin,  Verhocff-van 
Gieson  (2),  Taenzer-Unna  orcein  (3),  Gomori's 
481 aldehyde fuchsin (3),  Masson's trichrome  (4), Wild- 
er's  reticulin  stain  (5),  methyl  green  pyronin  after 
Trevan  and  Sharrock  (6),  and  Feulgen reaction for 
nucleic acids  before and after ribonuclease digestion 
(6). 
Measurement  of Fiber Diameter 
The diameters of the individual elastic fibers were 
determined with a Ramsden eyepiece and oil immer- 
sion (X 1000). At each age, 50 individual fibers were 
measured directly.  In order to eliminate bias in the 
selection of the fibers for measurement,  a  fresh ran- 
dora setting was taken for each reading, and the fiber 
nearest  to  the  crossed  axes  of  the  instrument  was 
measured,  provided  its  margins  could  be  clearly 
delineated.  It was found that reproducible measure- 
ments could be obtained on fibers as small as 0.25 # 
in diameter. 
RESULTS 
HISTOLOGICAL  APPEARANCES 
Materials  with  the  staining  characteristics  of 
collagen  and  elastin were  present  in  all  the  liga- 
ment sections examined in this study.  The young 
fetal  ligament  is  a  highly  cellular  organ  with  a 
relatively high content of fine intercellular material 
loosely arranged  in the interfibrillar ground  sub- 
stance, which is large in volume. 
Throughout  the  gestational  period  studied, 
the ligament shows a steadily progressive reduction 
in  cellularity  and  an  associated  increase  in  fiber 
content.  At the  same  time,  the ground  substance 
becomes less prominent.  The over-all effect is the 
development  of  a  tissue  which  becomes  progres- 
sively  denser  and  more  compacted.  Even  in 
sections  of  the  youngest  ligaments,  the  tissue 
elements are  aligned with their long axes tending 
to be parallel to that of the whole ligament (Fig.  1). 
A  striking  feature  of  young  fetal  ligaments  is 
the  presence  of  a  large  number  of  small  blood 
vessels,  all  of which  run  parallel  to  the long  axis 
of  the  ligament  and  between  the  surrounding 
elastic  fibers.  From  about  180  days  of gestation, 
the  ligament  appears  to  increase  in  mass  more 
rapidly than its blood vessels, so that a  progressive 
reduction in vascularity occurs. 
During the intra-uterine period of development, 
major changes in  the morphological detail of the 
component  materials  take  place.  This  report  is 
primarily  concerned  with  these  changes.  These 
changes  are  well  advanced  at  the  time  of birth, 
but  they  continue  postnatally  at  a  slower  and 
reducing  rate.  Indeed,  although  the  ligament 
continues to increase in bulk and mass for a  much 
longer  time,  only  minor  alterations  in  the  histo- 
logical  pattern  occur  after  the  2nd  postnatal 
month. 
Elastic  Tissue 
The changes in the elastic fibers during develop- 
ment  are  striking  (Figs.  1-6).  With  increasing 
uterine  age,  a  progressive  increase  in  stainabilitv 
with  the  usual  elastic  tissue  stains  is  apparent. 
FIGURES 1--6  This sequence of sections shows the progressive increase in diameter, nunl- 
ber, and intensity of staining of elastic fibers throughout the period of the study. In the 
postnatal sections, the reduction in cellularity is obvious, while recognizable cell detail is 
reduced to small dark oval nuclei flattened between the elastic fibers. 
FIGURES 1-4,  Verhoeff-van Gieson stain. X  550. 
FIGURE 1  Longitudinal section of P20-day feta] ligament. 
FIGURE ~  Longitudinal section of 160-day fetal ligament. 
FIGUl~E 3  Longitudinal section of ~10-day fetal ligament. 
FIGURE 4  Longitudinal section of o,30-day fetal ligament. 
FIGURES 5 and 6  Masson's trichronie stain. X  115. 
FIGURE 5  Longitudinal section of ligament of 3-month-old calf. 
FIGURE 6  Longitudinal section of adult ligament (age 8-4 yr). 
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the elastic material of the youngest fetal ligaments, 
not all the stains are deficient to the same extent. 
Staining of the elastic tissue with aldehyde fuchsin, 
orcein,  and  Verhoeff's stains  is  very weak  in  the 
youngest  fetal  ligaments,  but  it  rapidly  increases 
with  age  so  that  the  intensity  of staining  of in- 
dividual fibers has reached the adult level by about 
230  days  of gestation.  On  the  other  hand,  with 
Masson's  trichrome  stain  the  typical  red  staining 
of the elastic tissue  is seen only after 230  days  of 
uterine  development  and  even  then,  the  staining 
intensity is weak. 
In  addition  to  showing  changes  in  their  stain- 
ability,  the elastic fibers show prominent  changes 
in  their  dimensions,  number,  and  arrangement. 
As can be seen from Table I, the mean diameter of 
the  elastic  fiber,  even  in  the  postnatal  ligaments 
which reveal no deficiency of elastic staining, varies 
diameter during the last months of uterine develop- 
ment  and  postnatally.  Prior  to  this  period,  the 
fibers  are  too  small  to  permit  accurate  measure- 
ments  to  be made.  It is thus  apparent  that  up  to 
the end  of the  7th month  of uterine  development 
the  elastic  fibers  are  small  and  are  increasing  in 
width at a  slow rate.  During  the last 2 months of 
pregnancy,  there is  an  acceleration in  the  rate  of 
increase  of diameter,  which  is  maximal  at  about 
the time of birth and continues at the same rate for 
the 1  st 5-6 months of postnatal life. Thereafter, the 
rate ol increase falls off, but there appears to be a 
continuing  increase  in  fiber diameter  throughout 
the whole period of the study. 
In  the  120-day  fetal  ligament  (Fig.  1),  the 
elastic material appears as fine pale-staining fibrils, 
running in all directions through  the tissue.  How- 
ever, even at this early age the predominant direc- 
TABLE  I 
Variations  in Elastic Fiber Diameter with Different Stains 
Diameter 
Verhoeff-van Gieson  Masson's tnchrome  Hematoxylin and eosin,  ''~ 
Stain  : 
Age  Mean  Range  SD*  Mean  Range  SD  Mean  Range  SD 
/~  ~  /z  #  /z  /z  /z  #  /z 
3-month calf  3.5  2.6-4.9  0.6  4.5  3.2.6.2  0.7 
6-month calf  5.0  2.5-7.5  1.3  5.4  3.6-6.7  0.9 
Adult  (2-3 yr)  6.4,  3.9-9.8  1.6  6.9  3.9-9.5  1.73  7.7  3.8-10.6  2.1 
* SD =  Standard  deviation. 
with the stain used. In each instance, the Verhoeff- 
van Gieson stain  gives a  lower observed value for 
the  mean  fiber  diameter  than  does  hematoxylin 
and eosin. This is attributable  to the better defini- 
tion of the individual fibers with the former stain. 
This improved  definition  permits  the  recognition 
of overlapping or intertwined fibers which appear 
as thicker single units with the other stains. When 
the latter are incorrectly included in the measure- 
ments,  falsely  high  mean  values  are  obtained. 
Although  the  trichrome  stain  used  gives  results 
comparable with those of the Verhoeff-van Gieson 
stain  for  postnatal  tissues,  it  is  not  suitable  for 
demonstrating elastic material in fetal tissues.  For 
these  reasons,  the  Verhoeff-van  Gieson  stain  has 
been  used  for  the  assessment  of  the  changes  in 
mean  fiber  diameter  with  age.  The  values  so 
obtained  have  been  used  for  the  construction  of 
Fig.  7,  which  shows  the  changes  in  mean  fiber 
tion  of the  fibrils  is parallel  to  the  ligament  axis 
itself. 
By  160  days  of gestation  (Fig.  2),  the majority 
of  the  elastic  material  visible  has  attained  the 
dimensions  of  fibers,  virtually  all  of  which  are 
aligned  in  the  long  axis  of  the  ligament.  This 
arrangement  is maintained  throughout  life  (Figs. 
1-6). 
Collagen 
During  fetal  and  postnatal  development,  there 
are changes in the organization of the collagen in 
the ligaments.  In the  120-day fetal ligament  (Fig. 
8), the collagen is present as fine uniformly staining 
fibrils which  appear  to  have  a  reticular  arrange- 
ment.  By  160  days of gestation,  the fibers are,  in 
general, coarser and for the most part are arranged 
along  the  direction  of  the  ligament  axis.  The 
network  arrangement,  however,  is  still  apparent. 
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FiatmE 7  Graph showing the changes in mean diameter of elastic fibers  in the bovine nuehal ligament 
during uterine and postnatM development. The measurements were made on sections stained with the 
Verhoeff-van Gieson stain. The vertical bars represent -4-~ s~.~ (Standard error of the mean). 
Already the fibrils are beginning  to condense into 
thicker fibers,  and  this change continues through- 
out the fetal and early postnatal periods. As a result 
of  this  condensation,  the  collagen  fibers  become 
progressively more dense and heavily staining. 
Rather  surprisingly,  the  collagen  tends  to  re- 
main  diffusely  distributed  through  the  ligament, 
occupying the space between the  elastic fibers  and 
between  these  fibers  and  the  cells.  It  shows  no 
tendency  to  become arranged  into  septa  between 
bundles of elastic tissue, such as might be suspected 
from the striated  appearance  of the surface of the 
ligaments. 
Cells 
Attention has  already  been directed  to  the fact 
that  the  fetal ligament  is a  highly cellular organ 
with  a  rich  blood  supply.  The  concentration  of 
ceils in the ligament sections is highest in the young 
fetal ligaments. During growth of the ligament,  a 
progressive  fall  in  cell  population  density  occurs 
and  continues postnatally until a  constant level is 
reached, by about the end of the 3rd month. 
In  all  sections,  the  cells  have  an  irregular, 
elongated outline with an elongated nucleus and a 
thin  layer of cytoplasm  tailing out into extended 
polar  processes.  The  cells  lie  between  the  fibers 
and  are  regularly  arranged,  even in  the youngest 
specimens, so that the long axis of the nucleus and 
of the cells parallels that of the ligament itself. 
Examination  of  the  cell  morphology  in  these 
sections and  a  more detailed  study of the cellular 
ultrastructure  in  these  same  ligaments  with  the 
electron microscope (8)  reveal that the cells in the 
ligament,  with  the  exception  of those  related  to 
the  Mood  vessels,  appear  to  belong  to  the  fibro- 
blast series. In any one ligament,  cells at different 
stages of development are present,  but in most of 
the  sections  examined  there  was  an  over-all 
predominance  of cells  at  a  single  stage.  The  ap- 
pearance  of this predominant  cell varies with the 
age of the ligament. 
Several features of these cells do not conform to 
the  usual  histological  descriptions  of fibroblasts. 
Primarily,  the  cell  nuclei  are  unusual  in  that 
many of them have a  "foamy" appearance due to 
the presence of multiple vacuoles or vesicles whose 
contents do not stain with  any of the stains listed 
above.  In  many  cases,  these  vesicles  appear  to 
distend the nucleus,  displacing the chromatin  and 
the  nucleoli  towards  its periphery.  Often  the  nu- 
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membrane. 
In addition to having these vesicles, the nuclei of 
the  fetal  ligaments  are  unusual  in  showing  pro- 
nounced  clumping  of  the  chromatin  along  with 
the  presence  of several  nucleoli  (Figs.  8-10).  In 
the  Feulgen-stained  sections,  these  chromatin 
clumps  stain  relatively  weakly  when  compared 
with  the  dense  chromatin  of the  vascular-related 
cells  and  with  that  of the  small  dense  nuclei  of 
early  postmitotic  fibroblasts.  In  the  postnatal 
ligaments,  the  chromatin  is  diffusely  distributed 
and  clumping is slight. 
The  changes  in  cellular  appearance  during 
development are as follows: 
INTRA-UTERINE  DEVELOPMENT:  In  the 
youngest  ligaments,  the  cells are  relatively small 
(Fig.  8).  During  subsequent  development,  they 
increase  in  both  length  and  diameter,  to  attain 
maximum volume at about the time of birth  (Fig. 
9).  Concurrently,  the cell nucleus undergoes com- 
parable  changes  in  dimensions,  so  that  at  all 
stages only a  thin rim of cytoplasm surrounds  the 
nuclear  circumference.  However,  the  polar  proc- 
esses increase  in  volume and  cytoplasmic vesicles 
can be demonstrated  during  the last fetal months. 
At  this  time,  the  cytoplasm  shows  an  increasing 
basophilia.  During  the  pregnancy,  the  nuclear 
vesicles increase in size and volume and occupy an 
increasing proportion of the nuclear volume. Con- 
currently,  the  nuclear  chromatin,  which  was 
initially  distributed  fairly  uniformly  throughout 
the nucleoplasm, becomes condensed into irregular 
masses surrounding the vesicles and the nucleoli. 
During the last month of pregnancy,  an increas- 
ing  number  of  cells  assume  a  new  form.  The 
nucleus  becomes  long  and  thin  and  is  densely 
staining.  The  nuclear  vesicles  disappear  and 
clumping  of  the  chromatin  is  not  present.  The 
cytoplasm becomes less basophilic  (Fig. 9). 
PO  STNATAL  DEVELOPMENT :  Postnatally, 
the  proportion  of cells  with  new  form  increases 
rapidly.  At  the  same  time,  their  nuclei  become 
shorter  and  their  cytoplasmic  processes  become 
difficult to distinguish  as  the cells are compressed 
between the rapidly widening elastic fibers. 
During the first 6-8 wk after birth,  cells similar 
to the predominant  cell of the full-term fetal liga- 
ment are still present, but they constitute a rapidly 
declining proportion of the cell population.  These 
cells have a basophilic cytoplasm and a vacuolated 
nucleus, and are believed to be actively engaged in 
protein  synthesis.  By  the  end  of the  3rd  month, 
the  majority  of  the  cells  of  the  ligament  have 
assumed the resting form of the adult ligament cell. 
This cell is visible mainly as a short, dense nucleus, 
compressed  between the elastic fibers. What little 
cytoplasm  it  is  possible  to  discern  is  structureless 
at this magnification (Figs. 5 and 6). 
DISCUSSION 
As in the human fetal aorta (7), the young growing 
elastic fibers in  the  fetal  bovine  ligament  exhibit 
variable staining reactions with the different elastic 
tissue stains.  Of all the stains  tried,  the Verhoeff- 
van  Gieson  stain  was  the  least  deficient for very 
young  ligaments,  and  with  this  stain  it has  been 
possible  to visualize the changes,  during  develop- 
ment, in the elastic fiber morphology at this level 
of organization. 
When  the changes  in elastic fiber diameter  are 
FIGURES 8--10  Masson's trichronle stain. 
FIGURE 8  Longitudinal section of l~0-day fetal ligament. X  550. 
FIGURE 9  Longitudinal section of ~70-day fetal ligament. X  550. 
FIGUI~E 10  Longitudinal section of ~10-day fetal ligament. M 900. 
In Fig. 8, the elastic tissue is not stained. The fibers seen are collagen fibers running in 
all directions between the cells.  The increase in size  of the cells  and  their nuclei during 
uterine development is apparent from a comparison of Figs. 8 and 9. Nuclear vesicles and 
clumping of the chromatin are apparent in each section, but are most prominent in the ~10- 
day fetal ligament (Fig. 10). The cells with longthin, densely staining nuclei, referred to in 
the text, are clearly visible in appreciable numbers in the ~70-day fetal ligament (Fig. 9). 
The proportion of these cells increases  rapidly postnatally. 
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uniform throughout the period of the last 2 uterine 
months and the  1st 5  or 6  months after birth. No 
noticeable effect  accompanies  the  changes in  the 
external  stresses  attendant  upon  birth  and  the 
assumption  of the  upright  posture.  Also,  when  a 
correlation  is  made  with  the  chemical  data  (1), 
it is apparent that the fiber diameter continues to 
increase for many months after the elastin concen- 
tration  in  the  ligaments  has  become  maximal. 
The electron microscopic evidence  (8,  9)  that the 
elastic fibers in the ligament increase in diameter 
by the assimilation of new material at their periph- 
eries,  must indicate that  elastin  continues  to  be 
deposited on the existing fibers, at least for several 
years. From Fig. 7 itcan be seen that, although the 
range  of  fiber  sizes  is  greater  in  the  older  fetal 
ligaments,  the  minimum  fiber  size  is  increasing 
also. Thus, it is apparent that, after birth, the vast 
maiority of the new elastin in the ligament is being 
deposited on existing elastic fibers rather than by 
being involved in a process of new fiber formation. 
It is also notable that the developing elastic fibers 
do  not  show  the  same  uniformity  of  size  that  is 
seen  in  newly  forming  collagen  fibers  in  other 
situations (10). 
The other striking feature of this study has been 
the  demonstration  of  vesicles  and  chromatin 
clumping in the nuclei of the fibroblasts of the fetal 
and  early  postnatal  ligaments.  While  it  is  very 
probable that this is an artifact of fixation, it may, 
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